Multilocular cystic renal cell carcinoma is an uncommon low grade renal cell carcinoma with unique morphologic features. Its cytogenetic characteristics have not been fully investigated. Its relationship to typical clear cell renal cell carcinoma is uncertain. We evaluated 19 cases of multilocular cystic renal cell carcinoma diagnosed by strict morphologic criteria using the 2004 WHO classification system. The control group consisted of 19 low grade (Fuhrman grades 1 or 2) clear cell renal cell carcinomas. Chromosome 3p deletion status was determined by dual color interphase fluorescence in situ hybridization analysis. Chromosome 3p deletion was identified in 17 out of 19 (89%) of the clear cell renal cell carcinoma cases and 14 out of 19 (74%) of the multilocular cystic renal cell carcinoma cases, respectively. There was no difference in the status of chromosome 3p deletion between clear cell renal cell carcinoma and multilocular cystic renal cell carcinoma (P ¼ 0.40). These results support the concept that multilocular cystic renal cell carcinoma as a subtype of clear cell renal cell carcinoma.
Multilocular cystic renal cell carcinoma is an uncommon cystic variant of renal cell carcinoma with an excellent prognosis. [1] [2] [3] [4] [5] [6] It is currently defined by strict morphologic criteria according to the 2004 World Health Organization (WHO) classification of tumors. 1 Currently it is classified as a subtype of clear cell renal cell carcinoma; however, due to the excellent prognosis and distinct morphology debate exists regarding the nature of this tumor and whether it truly represents a variant of clear cell renal cell carcinoma.
Chromosome 3p deletion has been a consistent finding in clear cell renal cell carcinoma and is considered the hallmark cytogenetic abnormality found in clear cell renal cell carcinoma. [7] [8] [9] [10] In this study we evaluated two-color interphase fluorescent in situ hybridization using unstained paraffinembedded tissue slides to detect the presence or absence of 3p deletion. We studied samples from multilocular cystic renal cell carcinomas and compared the findings with those from a population of low-grade clear cell renal cell carcinomas.
Materials and methods
All 19 cases of multilocular cystic renal cell carcinoma strictly met the WHO criteria defining multilocular cystic renal cell carcinoma. 1 These criteria include an entirely cystic tumor with thin septa containing clusters of Fuhrman grade 1 to 2 clear cells that do not expand the septa (Figure 1 ). 1 None of these patients had von Hippel-Lindau syndrome or other genetic syndromes. Samples from 19 Fuhrman nuclear grade 1 and 2 clear cell renal cell carcinomas of the usual typical morphology were analyzed.
Fluorescence in situ hybridization (FISH) analyses were performed as described previously. 11 Briefly, multiple 4 mm sections were obtained from formalin-fixed paraffin-embedded tissue blocks containing neoplastic tissue from each multilocular cystic renal cell carcinoma and clear cell renal cell carcinoma. A hematoxylin and eosin-stained slide from each block was examined to identify areas containing tumor cell clusters for cell counting. The remaining unstained slides were deparaffinized with two 15 min xylene washes. The slides were then washed twice with absolute ethanol, 10 min each, and then air-dried in the hood. FISH was performed with centromeric a-satellite DNA probes for 3 (CEP 3, Spectrum Orange), and subtelomeric probe for 3p25 (3pTel25, Spectrum Green). The probes were from Vysis (Downers Grove, IL) and were diluted with tDenHyb 2 (Insitus, Albuquerque, NM) in a ratio of 1:100. The slides were examined using a Zeiss Axioplan 2 microscope (ZEISS, Gottingen, Germany) with the following filters from Chroma (Chroma, Brattleboro, VT): SP-100 for 4 0 ,6-diamidino-2-phenylindole, FITC MF-101 for Spectrum Green (3pTel25) and Gold 31003 for Spectrum Orange (CEP 3). The images were acquired with a charged coupled device camera and analyzed with MetaSystem Isis Software (MetaSystem, Belmont, MA). Four sequential focus stacks with 0.4-mm intervals were acquired and then integrated into a single image to reduce thickness-related artifacts. The method of analysis was partially described previously. [12] [13] [14] [15] [16] [17] [18] [19] [20] In brief, for each slide, 100-150 nuclei from tumor tissue were scored for signals from probes under the fluorescence microscope with x1000 magnification. Nonneoplastic renal cortex was used as control tissue. The ratio of 3p/CEP3 signals was determined. The method to analyze 3p deletion was based on previous studies of deletion of chromosomes 1p and 19q in oligodendrogliomas. 21 The cutoff value for 3p deletion was defined as a 3p/CEP3 ratio of o0.7, as previously described. 11, 18, 19 
Results
The patients with multilocular cystic renal cell carcinomas ranged in age from 33 to 72 years old (mean, 55 years) and those with clear cell renal cell carcinomas ranged in age from 42 to 74 years old (mean, 60 years) at the time of nephrectomy. The average diameter of the multilocular cystic renal cell carcinomas was 4.6 cm (range 1.5-12.9 cm) and it was 4.4 cm for the clear cell renal cell carcinomas (range 1.4-9.4 cm). The male to female ratio was 1.1:1 in the multilocular cystic renal cell carcinoma group and 0.9:1 in the clear cell renal cell carcinoma group. Fourteen of the multilocular cystic renal cell carcinomas were Fuhrman nuclear grade 1 (74%) and 5 were Fuhrman nuclear grade 2 (26%), whereas 2 cases of clear cell renal cell carcinoma were Fuhrman nuclear grade 1 (11%) and 17 cases were Fuhrman nuclear grade 2 (89%).
Nineteen cases of multilocular cystic renal cell carcinoma and nineteen cases of low grade clear cell renal cell carcinoma were investigated for chromosome 3p deletion. All of the slides showed well defined hybridization signals. Fourteen of the 19 multilocular cystic renal cell carcinomas were shown to have chromosome 3p deletion (74%) by FISH analysis. Seventeen of the 19 clear cell renal cell carcinomas were shown to have chromosome 3p deletion (89%) (Figure 2) . The difference in the status of chromosome 3p deletion between the groups was not statistically significant (P ¼ 0.4).
Discussion
Multilocular cystic renal cell carcinoma, also known as multilocular cystic clear cell renal cell carcinoma and multicystic clear cell carcinoma, is a rare variant of renal cell carcinoma. 1, 22 Multilocular cystic renal cell carcinoma is almost always discovered incidentally before the onset of symptoms. 23 The differential diagnosis of this entity consists of other cystic lesions of the kidney, primarily cystic nephroma, extensively cystic clear cell renal cell carcinoma, clear cell papillary renal cell carcinoma, and tubulocystic carcinoma. While cystic nephroma may have at least some clear cells lining the septa, the lining clear cells tend to be focally rather than diffusely distributed, and there are no clusters of clear cells in the walls. The ovarian-like stroma in cystic nephroma, if present, distinguishes it from multilocular cystic renal cell carcinoma, which does not exhibit this type of stroma. Extensively cystic clear cell renal cell carcinoma is distinguished from multilocular cystic renal cell carcinoma by the fact that solid areas may be evident grossly, or expansile nodules of clear cells are observed microscopically. Clear cell papillary renal cell carcinoma is usually cystic and the cyst walls are lined by clear cells; however, much of the tumor exhibits papillary architecture, a feature not found in multilocular cystic renal cell carcinoma. 18, 24 Tubulocystic carcinoma is another multicystic tumor that has been increasingly recognized in the past 15 years. 25 It differs from multilocular cystic renal cell carcinoma in that the cystic spaces, rather than being lined by clear cells, are lined by flat cuboidal and sometimes hobnail-type cells with eosinophilic cytoplasm and variable nuclear atypia, typically with nucleolar prominence in the range of Fuhrman grade 2 or 3, another feature incompatible with a diagnosis of multilocular cystic renal cell carcinoma. In addition, the septal structures of tubulocystic carcinoma do not harbor clusters of clear cells.
In this series, the average size of the multilocular cystic renal cell carcinomas (4.6 cm) is similar to that of typical low-grade clear cell renal cell carcinomas (4.4 cm). Multilocular cystic renal cell carcinoma is virtually always confined to the kidney when diagnosed and hence is at low stage, and by definition has a low Fuhrman grade. Even though multilocular cystic renal cell carcinoma is a histologically distinct lesion, little is known about its molecular genetic characteristics. Deletions in chromosome 3p are a consistent finding in clear cell renal cell carcinoma. These mutations are considered to be one of the primary events in the pathogenesis of this carcinoma. These losses have been reported in 70-90% of clear cell renal cell carcinomas and are rarely seen in other types of renal cell carcinoma. 11, 26, 27 One of the genes shown to be involved in the development of clear cell renal cell carcinoma is the von Hippel-Lindau (VHL) tumor suppressor gene located at the 3p25 chromosomal region. 28, 29 It is consistently inactivated in both sporadic and hereditary clear cell renal cell carcinoma, most commonly by mutation of one allele followed by deletion of another allele, or less commonly by VHL gene mutations or promoter hypermethylation. In the study including 177 clear cell renal cell carcinomas, Young and colleagues found 3p deletion in 89% of the cases by LOH, VHL mutation in 75%, and methylation in 31% of evaluable tumors. Only 3% of the cases showed wild type VHL.
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In this study we performed FISH analysis for 3p deletion on samples from multilocular cystic renal cell carcinomas and compared the findings with those from a population of similarly low grade conventional clear cell renal cell carcinomas. Deletion in 3p was observed in 74% of the multilocular cystic renal cell carcinomas and in 89% of the clear cell renal cell carcinomas with no statistically significant difference in the incidence of 3p deletion, between the groups. Tumors that develop through carcinogenesis pathways other than VHL gene deletion may not be detectable by using FISH methods, and this may account for some of the tumors that were negative for the 3p deletion. Our findings support the hypothesis that multilocular cystic renal cell carcinoma is a subtype of clear cell renal cell carcinoma. Using a strict definition and diagnostic criteria, it appears that multilocular cystic renal cell carcinomas represent a homogeneous entity both clinically and genetically.
The VHL gene plays an important role in carcinogenesis but not in the progression of clear cell renal cell carcinoma, since its loss appears to have no influence upon the grade or stage of tumors. 31 Regions of chromosome 3p other than the site harboring the VHL gene (3p25) have been implicated in the progression of clear cell renal cell carcinoma and have been shown to harbor additional tumor suppressor genes. 8 In addition to DNA alterations on chromosome 3, other chromosomal abnormalities such as losses of chromosome arms 14q, 9p, 8p and 6q have been identified in clear cell renal cell carcinoma, some of which have been shown to have a close correlation with higher stage and a worse outcome. 7, [32] [33] [34] [35] [36] [37] [38] [39] It remains unclear whether other chromosomal or gene alterations play a role in the pathogenesis or progression of multilocular cystic renal cell carcinoma. The fact that additional mutations and chromosomal alterations are frequently present in high grade clear cell renal cell carcinomas, but are rarely reported in multilocular renal cell carcinoma, might explain the excellent prognosis of multilocular cystic renal cell carcinoma. Additional molecular characterization of these tumors is needed to provide more insight into the pathogenesis of this entity as well as further clarification of predictors of outcome.
Our observation of chromosome 3p deletion in multilocular cystic renal cell carcinoma provides support for the hypothesis that it is a subtype of clear cell renal cell carcinoma; however, we believe that usage of the term 'multilocular cystic renal cell carcinoma' should be continued in practice, since it denotes a morphologically distinctive tumor that is cured by resection in essentially 100% of cases.
